An interrelationship between the adrenal glands and calcium metabolism was demonstrated in 1911 by Guleke (1) , who showed that adrenalectomy ameliorates tetany in parathyroidectomized animals. This observation has been repeatedly confirmed (2) .
Hypercalcemia after adrenalectomy was first demonstrated in 1924 by Kisch (3) in rabbits, and soon thereafter by other workers in dogs (4) (5) (6) (7) (8) , cats (5, 9) , and in patients with Addison's disease (10) (11) (12) ). An early report (13) of hypercalcemia in adrenalectomized rats was based upon dubious methods of analysis; later reports indicate that plasma calcium remains constant or falls in this species after adrenalectomy (14) (15) (16) .
Administration of adrenocortical steroids often ameliorates spontaneous hypercalcemia (17) , except when it is caused by hyperparathyroidism ( 18) . Nevertheless, in rats cortisone modifies or prevents the hypercalcemic response to parathyroid extract (16, 2) . This discrepancy may be a matter of dosage, since large amounts of steroids may sometimes reduce plasma calcium even in hyperparathyroidism (19, 20) . In normal subjects, administration of adrenocortical steroids has little effect on plasma calcium concentration, and Cushing's disease is not associated with hypocalcemia. A report of hypercalcemia after cortisone adm-ninistration to nephrectomized dogs (21) has not been confirmed (22) .
Several hypotheses have been advanced to explain these observations. The possibility that hemoconcentration might explain the hypercalcemia of adrenal insufficiency was suggested by the earliest workers; however, no mneasurenments of plasma protein concentration or ultrafiltrable cal- cium in this condition appear to have been reported. Increased parathyroid gland activity during adrenal insufficiency was suggested by the reported finding of parathyroid hyperplasia in adrenalectomized animals (23) . Against this view is the occurrence of hypercalcemia in adrenalectomized parathyroidectomized dogs (22) , as well as the antagonistic effects of cortisone and parathyroid extract mentioned above.
Adrenal steroids block the excessive intestinal absorption of calcium in sarcoidosis (24) and tend to inhibit the active transport of calcium by the isolated gut (25) . Calcium absorption might therefore be excessive in adrenal insufficiency. Balance studies in an Addisonian subject (26) and in adrenalectomized rats (27) do not support this possibility. The same objections apply to the hypothesis that cortisone acts by antagonizing the intestinal action of vitamin D. The possibility that the skeletal actions of vitamin D are antagonized by adrenal steroids has not been excluded, although the morphologic effects of vitamin D deficiency and steroid excess on bone are quite different (28) .
Steroid administration and hypercorticism are usually associated with increased urinary calcium excretion (29, 30) . After withdrawal of hormone therapy in Addison's disease (26) , urinary excretion of calcium may fall. Contrary results have also been reported (31) . In hypercalcemic states treated with steroids, urinary calcium excretion falls concomitantly with the reduction in plasma calcium (22) ; clearly this effect on plasma calcium cannot be ascribed to a renal effect of the hormone. Nevertheless, a renal role in the hypercalcemia of adrenal insufficiency remains a possibility.
Finally, evidence for a direct action of adrenal steroids on the equilibrium between bone and extracellular fluid has been presented (32) . Apparently it has not been determined whether changes in ionic calcium concentration or some 456 relevant ion product occur in hyper-and hypoadrenal states as plasma calcium concentration changes.
In the present study, the incidence of hypercalcemia in adrenocortical insufficiency has been examined in three species, man, dog. and rat, and the mechanism of this change has been investigated in the dog.
In studying the incidence of hypercalcemia, it is necessary to establish some criterion for adrenal insufficiency. The absence of adrenal function is clearly an inadequate criterion for this purpose.
since the syndrome of adrenal insufficiency may fail to occur in adrenalectomized animals maintained on salt alone, whereas adrenal crisis may develop despite hormone therapy under conditions of stress. One of the most characteristic features of the syndrome of adrenal insufficiency is hyponatremia. Therefore the incidence of hypercalcemia has been compared with the incidence of hyponatremia in patients with Addison's disease and in adrenalectomized dogs. In rats, hypercalcemia failed to occur after adrenalectomy. so no further study of this species was made.
In examining the mechanism of this form of hypercalcemia. observations in human subjects are not readily available because patients with the syndrome of adrenal insufficiency are uncommon and are treated as soon as the diagnosis is made. Therefore the mechanism of this disturbance has been studied in dogs. concentrations in thirty-one patients with Addison's disease, including cases from the Johns Hopkins Hospital records and three published reports (10) (11) (12) . In each case, the calcium and sodium determinations were performed on the same blood samples, or at least on the same day. In the Johns Hopkins Hospital patients, hyponatremia appears to be about twice as frequent as hypercalcemia. Helve (11), however, found several patients with hypercalcemia without hyponatremia. These results obviously suffer from the lack of controls, differing methods, and sampling bias. Considering all the data, however, it appears that hypercalcemia approaches hyponatremia both in frequency and in severity in Addison's disease. There is no correlation, positive or negative, between hypercalcemia and hyponatremia.
MATERIALS AND METHODS

Subjetcts
In rats. Table I summarizes the results in 37 adrenalectomized and 33 control rats. Day 0 refers to the first day after adrenalectomy, when the diet was started. Plasma calcium concentrations did not change in controls or adrenalectomized animals, even when fed on sodium-free milk, despite a high mortality in the adrenalectomized rats on this diet.
In dogs. Figure 2 represents the incidence of hypercalcemia as compared with hvponatremia in adrenalectomized dogs. As in the human subjects, any sample that revealed hypercalcemia, hyponiatremia, or both has been included, whether the animals were receiving therapy or not. Twentv observations from one dog are included, and from one to six observations from 24 others. The (listribution of points from the one dog is similar to that from the others. The frequtency of hvpercalcemia is seen to be nearly identical with thliat of hyponatremia in these animals, even in those on a calcium-free, magnesium-free diet. There was no apparent difference between the clinical significance of hypercalcemlia and that of hyponatremia in these dogs. In most cases of either disturbance, the animals were symptomatic. but a few appeared well and remained so for sev- Figure 3 illustrates the difference between normal dog plasma and these hypercalcemic samples.
The cause of these changes in the plasma calcium fractions is revealed in part by the data in (35) in that free ionic calcium concentration replaces ultrafiltrable calcium. As stated previously, the choice between these two alternatives depends upon the extent of protein-binding of the filtrable calcium complexes. Since CaCit-accounts for a portion of the filtrable complexes in these samples and is not appreciably bound to protein (36) , the free ionic calcium concentration was employed. As shown in Table II (36, 37) . Figure 4 represents Kcaprot as the percentage When the values for KCaprot shown in Table II are corrected for hyponatremia according to the line in Figure 4 , three remain abnormally low. Thus an abnormally high affinity of plasma protein for calcium evidently exists in these three dogs.
Citrate concentrations were abnormally elevated in seven out of ten samples. In three, very high values were seen. Obviously, free citrate ion concentration was increased, as well as the amounts of NaCit--, MgCit-, and CaCit-. The hypercitremia did not account, however, for more than 20% of the increase in plasma calcium in any dog. In patients with Addison's disease, slight elevations of plasma citrate have been reported (38) . Plasma phosphate was elevated in six of ten samples and in the group as a whole. In seven samples, the fraction of filtrable phosphate was reduced, in four cases to a marked degree. When these plasma samples were subjected to ultrafiltration after the addition of 4 mmoles per L of the trisodium salt of EDTA, the filtrability of phosphate became normal. This same finding was reported in the other hypercalcemic states (35) , and was attributed to the formation of so-called "colloidal calcium phosphate," either in vivo or in vitro. In the present samples, this explanation may not be tenable because of the large amounts of nonultrafiltrable phosphate involved. In sample 5I 18, for example, nearly 2 mmoles per L of plasma phosphate were nonultrafiltrable until EDTA was added. Yet the total amount of nonultrafiltrable calcium and magnesium was only 2 mmoles per L. If the nonultrafiltrable phosphate was associated with calcium and magnesium, as the results with EDTA indicate, the entire amounts of nonultrafiltrable calcium and magnesium must have been in this form. These considerations lead us to suspect that this form of nonultrafiltrable phosphate is at least in part an artefact of some kind, as against the nonultrafiltrable phosphate in normal plasma, which is unaffected by EDTA (39) . Conceivably, there may be labile, nondialyzable, organic phosphate compounds in plasma that are converted to inorganic phosphate either by trichloracetic acid or by EDTA, but this seems improbable. This phenomenon may account for some of the hypercalcemia of adrenal insufficiency, since two of the animals with large amounts of nonultrafiltrable phosphate were those with abnormal values for K'Caprot 5 (5I18 and 5N3). In other words, the apparently excessive affinity of protein for calcium in these dogs may be due to the presence of a nonfiltrable compound of calcium and phosphate. This compound must be present in vivo to contribute to hypercalcemia, but in all probability the amount of this compound increased in vitro after the blood was drawn.
Magnesium concentrations were reduced in onethird to one-half of the samples in which measurements were made. None of these dogs was receiving calcium-free, magnesium-free milk. Since the concentration of free calcium ions was normal, there is no need to postulate an increase in parathyroid hormone secretion, an increased sensitivity to vitamin D. or a direct effect of deficiency of adrenal hormones on the equilibrium between bone mineral and extracellular fluid.
There is no evidence that the hypercalcemia of adrenal insufficiency is deleterious to the organism. Since the effective calcium concentration is normal, the only possible effects are those of increased protein-bound or complexed calcium. These fractions are not known to exert any physiological actions, with the possible exception of the complex CaHPO, (35) .
In some respects, this form of hypercalcemia resembles that produced locally by prolonged venous obstruction, so-called "in vivo filtration" (41) . In the venous blood from an arm whose venous outflow has been occluded, protein concentration and total calcium are increased, plasma volume is reduced, and ultrafiltrable calcium concentration is normal. It is uncertain whether hypercalcemia is a common feature of the hemoconcentration seen in salt and water depletion.
The peculiar nonultrafiltrability of plasma phos- The increased calcium concentration of the plasma is not dependent upon increased intestinal absorption of calcium, since it also occurred on a calcium-free diet.
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